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(54) Fan decoupler system for a gas turbine engine 



(57) A support structure (210) for a gas turbine en- 
gine (200) includes a support arm (212) extending be- 
tween a low pressure shaft (202) and a plurality ot rotor 
blades (236). The support arm (212) includes a fuse 
(220) having a low failure point. A high pressure stub 
shaft (270) axially and radially supports the low pressure 



shaft (202) after fuse failure. An axial gap A between a 
portion of the low pressure shaft (202) and the stub shaft 
(270) permits movement of the low pressure shaft (202) 
after fuse failure. A radial gap B between the stub shaft 
(270) and the low pressure shaft (202) allows radial de- 
flection, of the low pressure rotor system after fuse fail- 
ure. 
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Description 

[0001] This invention relates generally to fan support 
systems and. more particularly, to a fan decoupler sys- 
tem for Ian imbalances on a gas turbine engine. 
[0002] Gas turbine engines include a Ian section, a 
compressor section, a combustor section, and a turbine 
section. A shaft extends axially through the turbine sec- 
tion and rotates a rotor. The rotor includes multiple stag- 
es of disks Each disk carries circumferenlially spaced 
apart blades that extend radially across a gas flow path. 
Rotor support structure typically includes a support cone 
extending from a bearing often referred to as the number 
one bearing. 

[0003] During a large birdstrike. fan bladeout, or other 
large fan imbalance event, structural loads carried 
throughout the engine carcass, flanges, engine frame, 
and mounts, can be quite large. Typically, these loads 
are compensated for by stiffening the system and pro- 
viding a fan critical speed significantly above Ihe oper- 
ating speeds of the engine. As a result., the stiuctuial 
loads are reduced, and the entire structure is fabricated 
to account for the reduced loads. Such compensation 
for a potential fan imbalance event, however results in 
a structure which may be heavier than desired. 
[0004] Accordingly, it would be desirable to provide a 
support structure system that adequately handles a 
large fan imbalance event, without adding significant 
weight to the gas turbine engine Additionally it would 
be desirable for the support siructure system to be cost 
effective. 

[0005] This may be attained by a support structure for 
a gas turbine engine that includes a member having a 
reduced failure point. In accordance with one embodi- 
ment, the turbine engine includes a support cone having 
a support arm. The support arm extends between the 
low pressure shaft and the rotor, and includes a fuse 
having a failure point below the failure point of the re- 
maining portion of the support cone. The fuse includes 
a bolt that connects two portions of the support arm. The 
bolt extends through a segmented spacer positioned 
between the two sections. The bolt has a failure point 
selected to coincide with a predetermined imbalance 
load. 

[0006] The high pressure shaft includes a stub shaft 
that axially and radially supports the low pressure shaft 
after failure of the bolt. An axial opening extends be- 
tween a portion of the low pressure shall and the slub 
shaft. The opening permits movement of the low pres- 
sure shaft toward the stub shaft after the bolt has failed, 
rs^ovement of the tow pressure shaft towards the stub 
shaft positions the two shafts in contact with each other 
and causes both shafts to decelerate to a common 
speed. The low pressure shaft and the stub shaft con- 
tinue to rotate at the same speed due, at least in part, 
to the friction between the two shafts. 
[0007] A radial opening exists between Ihe stub shaft 
and the low pressure shaft prior to bolt failure The radial 



opening allows free radial deflection of the low pressure 
rotor system after fuse failure. A radial opening between 
a high pressure rotor disk and the low pressure shaft 
permits the bore at the tip of the rotor disk to contact the 

5 low pressure shaft after bolt failure. The rotation of the 
high pressure rotor is slowed due to contact of the low 
pressure shaft with the stub shaft. 
[0008] The support cone including the fuse provides 
a failure point in the staictural load path which "softens* 

10 the structural system during a large imbalance event to 
allow the low pressure shaft to move axially and radially 
with respect to the high pressure shaft. This failure point 
reduces the overall peak k>ads carried by the structural 
system. The structural system can thus be lighter and 

IS less costly than previous structural systems that were 
stiffened to handle large imbalance loads. 
[0009] The invention will now be described in greater 
detail, by way of example* with reference to the draw- 
ings, in whlch:- 

20 [0010] Figure 1 is a schematk: view of a gas turbine 
engine well known in the art. 

[0011] Figure 2 is a partial schematic view of a gas 
turbine engine according to one embodiment of the 
present invention. 
2B [0012] Figure 3 is a schematic view of a fuse in the 
support structure of the gas turbine engine shown in Fig- 
ure 2. 

[001 3] Figure 4 is a partial schematic view of the high 
pressure and low pressure shafts in the gas turbine en- 
30 gine shown in Figure 2. 

[0014] Figure 1 is a schematic view of a well known 
gas turbine engine 100 including a low pressure shaft 
102 attached to a low pressure compressor 104 and a 
low pressure turbine 106. Low pressure compressor 
35 104 includes a plurality of rotors 108 and a plurality of 
stators 110. Low pressure turbine 106 also includes a 
plurality of rotors 112 and a plurality of stators 114. Sta- 
tors 1 1 0, 1 1 4 are connected to a frame 1 1 6 of motor 1 00. 
Rotors 1 08, 1 1 2 are connected to low pressure shaft 1 02 
40 so that when low pressure turbine rotors 112 rotate, low 
pressure compressor rotors 108 also rotate. 
[0015] A number one bearing support cone 118 sup- 
ports rotors 108 and low pressure shaft 102. Bearing 
support cone 118 includes a number one bearing sup- 
•is port arm 1 20 with a first end 1 22 and a second end 1 24. 
First end 1 22 is connected to a number one ball bearing 
126 that contacts low pressure shaft 102. Second end 
124 is connected to a fan ficime hub 128. Bearing sup- 
port arm 120 supports low pressure shaft 102 both axi- 
so ally and radially. 

[0016] Engine 100 also includes a high pressure shaft 
130 attached to a high pressure compressor 132 and a 
high pressure turbine 134. High pressure compressor 
132 includes at least one rotor 136 and a plurality of sta- 
ss tors 138. High pressure turbine 134 also includes at 
least one rotor 1 40 and a plurality of stators 1 42. Stators 
138. 142 are connected to frame 116 of motor 100. Ro- 
tors 1 36. 140 are connected to high pressure shaft 1 30 
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SO that when high pressure turbine rotor 140 rotates, 
high pressure compressor rotor 136 also rotates. 
[0017] High pressure shaft 130 and low pressure 
shaft 1 02 are substantially concentric with high pressure 
shaft 130 located on an exterior side of low pressure 
shaft 102. High pressure shaft 130 Includes bearings 
144, 146 that contact frame 116 of engine 100. High 
pressure shaft 130 is allowed to rotate freely with re- 
spect to low pressure shaft 102. with no contact during 
normal operation. 

[0018] Figure 2 is a schematic view of a portion of a 
gas turbine engine 200 including a fan decoupler system 
201 according to one embodiment of the present inven- 
tion. Engine 200 includes a low pressure shaft 202 at- 
tached to a low pressure compressor 204 and a low 
pressure turbine (not shown). Low pressure compressor 
204 includes a plurality of rotors 206 and a plurality ot 
stators 205. The low pressure turbine also includes a 
plurality of rotors (not shown) and a plurality of stators 
(not shown). Compressor rotors 206 and the lurbine ro- 
tors are connected to low pressure shaft 202 so that 
when the low pressure turbine rotors rotate, low pres- 
sure compressor rotors 206 also rotate. 
[0019] A number one bearing support cone 210 pro- 
vides support for rotors 206 and low pressure shaft 202. 
Bearing support cone 210 includes a number one bear- 
ing support arm 212 with a first portion 214 and a second 
portion 216. First portion 214 is connected to a number 
one bearing 218 that contacts low pressure shaft 202 
First portion 214 extends between number one bearing 
218 and a fuse 220. In one embodiment, bearing 218 is 
a ball bearing. Second portion 216 is connected to a fan 
frame hub 222 and extends between fan frame hub 222 
and fuse 220. Bearing support arm 212 supports low 
pressure shaft 202 both axially and radially. Fuse 220 
has a failure point below the failure point of the remain- 
ing support cone. The reduced failure point allows fuse 
220 to fail during a large imbalance event prior to the 
failure of the remaining support cone. Failure of fuse 220 
reduces the structural load on the remaining support 
cone Fuse 220 is discussed below in greater detail. 
[0020] A number two bearing support arm 224 has a 
first end 226 and a second end 228. First end 226 is 
connected to a number two bearing 230 that contacts 
low pressure shaft 202. In one embodiment, number two 
bearing 230 is a roller bearing. Second end 228 ot sup- 
port arm 224 attaches to fan frame hub 222 to provide 
additional slabilily to low pressure shall 202. 
[0021] Engine 200 also includes a high pressure shaft 
232 attached to a high pressure compressor 234 and a 
high pressure turbine (not shown). High pressure com- 
pressor 234 includes at least one rotor 236 including a 
disk 238 and a plurality of stators (not shown). High 
pressure turbine (not shown) also includes at least one 
rotor (not shown) and a plurality of stators (not shown) 
Rotor 236 is connected to high pressure shaft 232 so 
that when the high pressure turbine rotor rotates, high 
pressure compressor rotor 236 also rotates High pres- 



sure shaft 232 and low pressure shaft 202 are substan- 
tially concentric, and high pressure shaft 232 is posi- 
tioned on an exterior side of low pressure shaft 202. 
[0022] A number three bearing support 240 has a first 

5 end 242 and a second end 244. First end 242 is con- 
nected to a first number three bearing 246 that contacts 
high pressure shaft 232 and to a second number three 
bearing 248 that contacts high pressure shaft 232. In 
one embodiment, first number three bearing 246 is a ball 

TO bearing and second number three bearing 248 is a roller 
bearing. Second end 244 is connected to fan frame hub 
222. Support 240 provides support for high pressure 
shaft 232. 

[0023] Figure 3 is a partial schematic view of number 
T5 one bearing support cone 210 illustrating fuse 220. Sup- 
port arm first portion 214 includes a first flange 250 in- 
cluding a first opening (not shown). The opening ex- 
tends through flange 250. Support arm second portion 
216 includes a second opening (not shown). The sec- 
20 ond opening extends through second portion 216. A 
spacer 254 is positioned between, and is adjacent to. 
first flange 250 and second flange 252. In one embodi- 
ment, spacer 254 is a segmented spacer that provides 
for easy removal of spacer 254 from fuse 220 when fuse 
2S 220 fails. After spacer 254 is removed from fuso 220, 
there is free motion between first portion 214 and sec- 
ond portion 216 A third opening (not shown) extends 
through spacer 254. The spacer opening is aligned with 
the first portion opening and the second portion opening 
30 A bolt 256 extends through the openings of first flange 
250. spacer 254, and second flange 252. Bolt 256 has 
a failure point set at a preselected force. The preselect- 
ed force coincides with a predetermined imbalance 
load. In operation, if a large fan imbalance occurs in en- 
35 gine 200 and the load is above the predetermined im- 
balance load, bolt 256 will fail and allow first flange 250 
to move relative to second flange 252 A nut 258 coop- 
erates with bolt 256 to maintain bolt 256 in contact with 
first flange 250, spacer 254. and second flange 252. In 
40 one embodiment, a seal arm 258 extends from first por- 
tion 21 4 at first flange 250 and contacts second portion 
216 adjacent flange 252. 

[0024] An air tube 260 extends between first bearing 
218 and fan frame hub 222. An oil supply tube 262 ex- 

45 tends from number one bearing 218 along support arm 
212. Oil supply tube 262 is connected to support arm 
21 2 by a boll 264 located downstream of fuse 220. Seal 
arm 258 includes a groove 266 with an o-ring 268 posi- 
tioned within groove 266 Groove 266 and o-ring 268 

so cooperate with second portion 216 of support arm 212 
to provide a seal on support arm 212. The seat prevents 
the oil within oil supply tube 262 from contacting fuse 
220, 

[0025] Figure 4 is a partial schematic view of high 
ss pressure shaft 232 and low pressure shaft 202 in engine 
200. Low pressure shaft 202 extends between the low 
pressure compressor (not shown) and the low pressure 
turbine (not shown) High pressure shaft 232 includes a 
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stub shaft 270 having an upstream end 272. a down- 
stream end 274. and an internal side 276 Low pressure 
shatt 202 includes a lip 278 that extends downstream 
from bearing 230 and terminates at a downstream end 
280 prior to stub shaft 270. Downstream end 280 is dis- 5 
placed a preselected axial distance from stub shaft 270 
so that an axial gap A extends between upstream end 
272 of stub shaft 270 and down stream end 280 of lip 
278. Axial gap A is sized to permit low pressure shaft 
202 at downstream end 280 to move aft and contact up- 
stream end 272 of stub shaft 270. Stub shaft 270 sup- 
ports low pressure shaft 202 during the expected inlet 
ram loads on low pressure shaft 202 that occur after a 
large fan imbalance event. In one embodiment, down- 
stream end 280 of lip 278 and upstream end 272 of stub '5 
shaft 270 include mating surlaces that provide a better 
engagement between low pressure shaft 202 and high 
pressure shaft 232 A seal arm 262 extends from lip 276. 
across axial gap A, to stub shaft 220 downstream of up- 
stream end 272. A plurality ol sealed teeth 284 extend 20 
from seal arm 282 and contact stub shaft 272 to provide 
an air seal between seal arm 282 and an extemal side 
of stub shaft 270. The air seal prevents oil and sump air 
from flowing through axial gap A during normal opera- 
tion. 

[0026] Intemal side 276 of stub shaft 270 is displaced 
a preselected distance from low pressure shaft 202 so 
that a radial gap B extends between intemal side 276 
and low pressure shaft 202 Radial gap B allows free 
radial deflection of low pressure shaft 202 after fuse 220 30 
has failed. The free radial deflection minimizes windmill 
imbalance loads while maximizing peak load reduc- 
tions Stub shaft 270 supports low pressure shaft 202 
after failure of fuse 220 at a location that is downstream 
of upstream end 272. Due to the support of low pressure 3S 
shaft 202 by stub shaft 270, the critical speed of low 
pressure shaft 202 is sufficiently above expected wind- 
mill speeds to minimize windmill imbalance loads while 
maximizing peak load reductions. 

[0027] Downstream end 274.of stub shaft 270 is con- -^o 
nected to rotor disk 238. Rotor disk 238 is displaced a 
preselected distance from low pressure shaft 202 so 
that a radial gap 278 extends between rotor disk 238 
and low pressure shaft 202. Radial gap 278 permits ro- 
tor disk 238 to contact low pressure shaft 202 after fuse 
220 fails. The contact of disk 238 on low pressure shaft 
202 slows the rotation of disk 238. 
[0028] A friction coaling 286 is applied to portions of 
stub shaft 270. compressor rotor disk 238. and low pies- 
sure shaft 202. FrictkDn coating 286 reduces heat gen- Si 
eration in low pressure shaft 202. stub shaft 270, and 
disk 238 during the short period before stub shaft 270 
and low pressure shaft 202 begin to spin -at equivalent 
speeds. In one embodiment, friction coaling 286 is ap- 
plied to internal side 276 of upstream end 272 and to a 5. 
corresponding portion of low pressure shaft 202. Also, 
friction coating 286 is applied to rotor disk 238 and to a 
corresponding portion of low pressure shaft 202 Addi- 



tionally, friction coating 286 can be applied to portions 
of internal side 276 and low pressure shaft 202 that cor- 
respond to anticipated contact points between shaft 270 
and shaft 202 after an imbalance event. In one embod- 
iment, friction coating 286 is an aluminum-bronze ther- 
mal spray coating. 

[0029] Support cone 210 including fused support arm 
212 permits free motion of first flange 250 and second 
flange 252 with respect to each other during a large im- 
balance deflection of low pressure rotor 206. In addition, 
stub shaft 270 provides both radial and axial support to 
low pressure shaft 202 after the decoupling event. Fur- 
ther, the critical speed of low pressure shaft 202 is sig- 
nificantly above expected windmill speeds due to the k>- 
cation of the contact points on high pressure shaft 232 
and low pressure shaft 202, the size of the radial gap 
between high pressure shaft 232 and low pressure shaft 
202, and the stiffness of both shafts. Also, friction coat- 
ings 286 on high pressure shaft 232 and low pressure 
shaft 202 reduce heal generation in shafts 232, 202 dur- 
ing the short period before shafts 232, 202 rotate at 
equivalent speeds. 



Claims 

1. A fan decoupler system (201 ) for a gas turbine en- 
gine (200). said fan decoupler system comprising: 

a low pressure shaft (202): 
a high pressure shaft (232) including an up- 
stream end (272) and a rotor disk (238). said 
high pressure shaft (232) being concentrk: with 
said low pressure shaft (202): 
a rotor (236) connected to said tow pressure 
shaft (202); and 

a support cone (210) connected to said low 
pressure shaft (202), wherein said support 
cone (210) is for supporting saiid rotor (236). 
said support cone (210) including a fuse (220) 
having a failure point below the failure point of 
the remaining support cone. 

2. A fan decoupler system (201) in accordance with 
Claim 1 wherein said fuse (220) comprises: 

a first flange (250) including a first opening 
therethrough. 

a segmented spacei (254) adjacent said first 
flange (250) and including a second opening 
therethrough: 

a second flange (252) including a third opening 
therethrough, said second flange (252) being 
located adjacent said spacer (254): and 
a bolt (256) extending through said first flange 
(250), said spacer (254), and said second- 
flange (252). said bolt having a failure point set 
at a predetermined imbalance load 
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3. A Ian decoupler system (201) in accordance with 
Claim 1 or 2 wherein said high pressure shaft (232) 
is configured to support said low pressure shaft 
(202) after said fuse (220) has failed, said low pres- 
sure shaft (202) includes a lip (278) displaced a first 
preselected axial distance from said high pressure 
shaft (232). said first preselected distance chosen 
to permit said low pressure shaft (202) to move aft 
and contact said high pressure shaft (232). 

4. A fan decoupler system (201) in accordance with 
Claim 3 wherein said high pressure shaft (232) is 
displaced a second preselected distance from said 
low pressure shaft (202). said second preselected 
distance chosen to permit free radial deflection of 
said low pressure shaft member after said fuse 
(220) tails. 

5. A tan decoupler system (201) in accordance with 
Claim 3 wherein said high pressure shaft (232) is 
radially and axially configured to nnaintain a natural 
frequency for said low pressure shaft (202) suffi- 
ciently above a windmill operating range to mini- 
mize loads on said low pressure shaft and said high 
pressure shaft. 
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6. A fan decoupler system (201 ) in accordance with 
Claim 4 . wherein said low pressure shaft (202) has 
a friction coating on at least a portion thereof and 
said rotor disk comprises a friction coating on at 
least a portion thereof, said tow pressure shaft fric- 
tion coating positioned to contact said rotor disk fric- 
tion coating when said low pressure shaft deflects. 

7. A support structure (210) for a gas turbine engine 
(200), said support structure comprising: 

a high pressure shaft (232) including a stub 
shaft (270) located at an upstream end of said 
high pressure shaft, and a rotor disk (238) lo- 
cated downstream of said stub shaft; 
a low pressure shaft (202) concentric with said 
high pressure shaft (232); 
a fan frame hub (222): and 
a support arm (21 2) extending between said 
low pressure shaft (202) and said fan frame hub 
(222). said support arm comprising a fuse (220) 
and a remaining portion, said fuse (220) having 
a failure point below the failure point of said re- 
maining portion of said support arm (212). 

8. A support structure (210) in accordance with Claim 
7 wherein said support arm (21 2) further comprises: 

a first portion (214) including a first end con- 
nected to a bearing (218), and a second end 
having a first flange (250) with a first opening 
therethrough: 
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a second portion (216) Including a first end con- 
nected to said fan frame hub (222). and a sec- 
ond end having a second flange (252) with a 
second opening therethrough: and 
a segmented spacer (254) positioned between, 
and in contact with, said first flange (250) and 
said second flange (252), said spacer (254) 
having a third opening therethrough, wherein 
said spacer (254) is configured to provide clear- 
ance to said support arm (21 2) for f onward mo- 
tion after failure of said fuse (220). 

A support structure (210) in accordance with Claim 
8 wherein said fuse (220) comprises a bolt (256) 
extending through said first flange opening, said 
second flange opening, and said spacer opening, 
said bolt (256) having a failure point set at a prede- 
termined imbalanced load. 

A support structure (210) in accordance wilh Claim 
7 wherein said low pressure shaft (202) includes a 
portion displaced a first preselected distance from 
said high pressure shaft (232), said first distance 
being sufficient to permit movement of said low 
pressure shaft (202) toward saW high pressure 
shaft (232) after said fuse (220) fails and to allow 
said portion of said low pressure shaft (202) to con- 
tact said high pressure shaft (232). said stub shaft 
(270) is displaced a second preselected distance 
from said low pressure shaft (202). said second dis- 
tance being sufficient to permit free radial deflection 
of said low pressure shaft (202) after said fuse (220) 
fails, said rotor disk (238) is displaced a third prese- 
lected distance from said low pressure shaft (202), 
said third distance being sufficient to permit said tow 
pressure shaft (202) to contact said disk (238) after 
said low pressure shaft (202) deflects due to a large 
imbalance event. 
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